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General Oscillation of a Pendulum with a Massive Cord

- FANG Yi-Zhong, LIN Qiong-Gui
(School of Physics & Engineering, Sun Yat-sen University, Guangzhou 510275, China)

Abstract; The general oscillation of a pendulum consists of a particle and a massive cord is studied. Analytic solu-
tions for the displacement function under arbitrary initial conditions are given. The general oscillation involves high-
er modes as well as the ground mode. Existence of higher modes is the main feature of the cord pendulum in com-
parison with the compound pendulum. The generalized orthogonality of the eigenfunctions is proved and their mod-
ules are calculated. Then all coefficients in the general solution are worked out in terms of the initial conditions.
Analytic eigenfrequencies are obtained approximately when the mass ratio of the particle to the cord is much larger
or much smaller than 1. In the former case, the eigenfrequencies of higher modes increase in roughly the same way
as the square root of the ratio, while the eigenfrequency of the ground mode tends to that of the simple pendulum.
Tn the latter case, the eigenfrequencies are close to those of a massive cord. Numerical results for the first five
eigenfrequencies are presented for general mass ratio. An error in the literature is pointed out.

Key words: pendulum; massive cord; general oscillation; analytic solution






